Amplified AIPES data in fig. S2 (e). The intensities are normalized at 500 meV BE. A similar redistribution of the spectral weight to γ band is observed at other momentum positions in fig. S2 (c) and (e). When the temperature decreases, several features appear. 1) a peak centred at 50 meV BE emerges. 2) a dip centred at 150-200 meV BE forms. 3) the position of the hump at 500 meV BE shifts to a higher BE.
The similar behaviors at different momentum positions indicate that the redistribution is independent of the details of band structures. fig. S3(a)-(b) . However, the calculation results overestimate the pocket volume of γ band.
Differently, the γ band in calculation results is an electron-like band in fig. S3(c)-(d) and fig. S5 . While it looks more like a waterfall-like band in experimental results.
Similar waterfall-like spectra have been observed in copper-oxide superconductors or Sr2RuO4 compounds (6, 55, 56) . Unfortunately, there is still no consensus on the physics behind these phenomena. Up to now, several qualitative explanations have been proposed for the waterfall band, including strong coupling to a bosonic mode (57-59), strong correlations (60-63), disorder-localized band tailing (64) and photoemission matrix element (65, 66) . In principle, any strong coupling to a bosonic mode leads to the appearance of the incoherent spectral weight below the energy of the mode (67), which can resemble waterfall-like band with decreased intensities. However, we believe this picture is unlikely in FGT since so far there is no known mode occurring at so large energy in Fig. 3 in the main text. Besides, the coupling to bosonic mode is a low temperature phenomena, inconsistent with the ARPES results, the spectrum of which still exhibits obvious waterfall band at 300 K.
The disorder-localized band tailing (64) is an unlikely responsible for the formation of the two branches of waterfall band, as their different morphology. The strong correlations can be an option, because the correlation-induced waterfall-like band can be observed at high temperature (63) and the waterfall connects two conduction bands (61). Matrix-element effect could be another candidate for the waterfall-like band (56).
Evidently, the waterfall band represents a new phenomenon which deserves more systematic studies. 
